INTRODUCTION
Because of the extensive use of crossbreeding, multibreed genetic evaluation models and approaches have been proposed to predict genetic values using data composed of purebred and crossbred information (Arnold et al., 1992; Klei et al., 1996; Kuehn et al., 2010) . Whereas genetic evaluation of a multibreed population should account for additive and nonadditive effects that affect the traits of interest, providing a data structure that allows for the estimation of all effects has proven to be difficult to achieve (Legarra et al., 2007) . Therefore, current programs that are providing genetic evaluations must make assumptions when applying models to data that lack proper data structures. An assumption that is routinely made in multibreed programs is that purebred and crossbred performance is regarded as the same trait. Wei and van der Werf (1994) found that response to selection for crossbred animals increased using the combined information as the genetic correlation (r pc ) between purebred and crossbred animals decreased from 1.0. Lutaaya et al. (2001) used data from 2 swine lines and their reciprocal crosses to estimate r pc between purebred and crossbred performance and reported r pc that ranged from 0.99 to 0.32 for different traits and combinations of breeds. In beef cattle, Newman et al. (2002) analyzed data from purebreds and F 1 crossbreds for several growth and carcass traits and reported estimates of r pc between purebred and crossbred performance that ranged from 0.78 to 1.0 for carcass traits but were 0.48 for 400-d weight and carcass weight.
The objective of this study was to use a multipletrait approach, considering weights from purebred ABSTRACT: The purpose of this study was to estimate correlations between purebred and F 1 crossbred performance to verify the appropriateness of current models used in multibreed selection. Records on birth weight (WB) and weaning weight (WW) from purebred Limousins (LIM) and Limousin × Angus progeny (F 1 ) were used to estimate genetic parameters using a multiple-trait (purebred and F 1 weights were different traits) approach. For WB, there were 148,647 records for LIM and 17,981 for F 1 , and for WW, there were 81,585 records for LIM and 21,778 for F 1 . The fixed effect in models for LIM and F 1 animals was contemporary group. Random effects for LIM animals were direct genetic, maternal genetic, and maternal permanent environment effects. Random effects for F 1 were sire and dam. The pedigree for Angus dams used for crossing was unavailable and therefore these dams were assumed unrelated. The direct h 2 estimates (SE) for purebred animals were 0.41 (0.05) and 0.24 (0.02) for WB and WW, respectively. For F 1 , the same estimates were 0.22 (0.09) and 0.32 (0.05). Genetic correlations estimates between purebreds and crossbreds were 0.84 (0.07) and 0.64 (0.18) for WB and WW, respectively. The genetic correlation for WW estimated in this study suggests that F 1 and purebred information for this trait should not be treated, genetically, as the same trait due to different genetic effects molding it. However, the genetic correlation for WB was much higher, indicating that this trait in purebreds and F 1 is essentially the same trait. and crossbred animals as correlated but different traits, to verify efficiency of current models used in routine multibreed selection.
MATERIALS AND METHODS

Data
Data for this study were obtained from the North American Limousin Foundation, Englewood, CO. Because the performance data were obtained from existing databases, Animal Care and Use Committee approval was not warranted. Records were from cattle born from 1970 through 2007. The populations consisted of purebred Limousin (LIM), which were out of at least fifteen-sixteenths Limousin sires bred to at least seven-eighths Limousin dams, and crossbred Limousin × Angus (F 1 ) cattle, in which the F 1 cattle (the largest crossbred group in the data set) were obtained by mating LIM sires with purebred, commercial Angus dams. The traits analyzed included birth weight (WB) adjusted for age of dam and weaning weight (WW) adjusted to a standard age (205 d) and for age of dam. Both adjusted weights were included in the original North American Limousin Foundation data file. The adjustment and editing of all traits followed the Guidelines for Uniform Beef Improvement Programs (BIF, 2010) . Contemporary group definitions were those used by the North American Limousin Foundation in their genetic evaluation program. The birth contemporary groups defined by breeder (producer)-assigned management group, sex, and 90-d birth group. The 90-d birth group provides a time slice of no greater than 90 d for each birth contemporary group. Weaning contemporary groups were defined by breeder-assigned management group, weaning management codes (creep fed, noncreep fed, etc.), weaning date, and sex. Numbers of records and means for each trait across genotypes are presented in Table 1 .
Due to the lack of pedigrees for Angus dams, the dams were assumed unrelated. The dam variance would be expected to contain one-fourth of the direct genetic variance, the maternal genetic variance, the covariance between direct genetic and maternal genetic effects, and the maternal permanent environment variance.
Multiple-Trait Crossbred Model
The crossbred model of Lo et al. (1997) was adapted to account for missing Angus dam pedigrees and lack of purebred Angus performance: ]. Birth weight and WW were analyzed in 2 separate, bivariate (purebred weight and F 1 weight) runs. Variance components were estimated with the Gibbs2f90 software of Misztal et al. (2002) using the Gibbs sampling procedure. One hundred thousand samples were obtained with 20,000 discarded as burnin, following graphical inspection of the posterior chain and examining the independence of parameter estimates from consecutive rounds of sampling. Lo et al. (1997) developed separate models fitting population-specific effects for performances of 2 purebred and resulting F 1 populations to be used in a 3-trait analysis. In particular, they were able to account for the parental dominance effects in crosses as they assumed knowledge of both purebred pedigrees and performance records of all 3 populations. Legarra et al. (2007) used univariate-within-a-trait models and the phenotypes of crossbred animals were corrected for possible heterosis. Given the limitations to our data, we were able to only estimate the extent to which the unaccountedfor crossbreeding effects (between breed dominance/ heterosis) may influence the outcome by looking at the r pc between purebred and F 1 performances in a bivariate-within-a-trait approach.
RESULTS AND DISCUSSION
Variance Component Estimates
Estimates of variances, heritabilities, and r pc reported in this study were subject to imperfections in the data, including the relationship between the Angus dams, which was not accounted for, and the fact that only a sample of sires that were used to produce purebred offspring also produced F 1 offspring. Variance component estimates for the 2 traits are presented in Table 2 . The relative magnitude of the sire component to the direct additive component has an expected value of 0.25. The estimated ratio for WW of the sire variance from the crossbred data relative to the direct additive variance was close to the expected value at 0.30; however, the same ratio of variances for WB was 0.13. The lower-than-expected sire variance could result from selecting Limousin bulls that would reduce the WB in F 1 progeny when mated to Angus dams than was present in selecting bulls for use on Limousin dams (average EPD for WB were 2.57 vs. 1.57 for bulls used for purebred mating vs. crossbreeding).
For both weights, the dam variance estimated from the crossbred data would normally be expected to equal 0.25
s , in which D, M, and MPE refer to direct genetic, maternal genetic, and maternal permanent environment effects, respectively. The dam variances for WB and WW were greater than the sum of combination of direct and maternal variance and covariance components estimated from the Limousin purebred data. For WB, the dam variance estimate was almost 2.8 times the size of the sum of the corresponding combination of direct and maternal variance and covariance component estimates for the purebreds, and for WW, the ratio was 1.14. There are several possible reasons for the discrepancy between the estimates. One possible reason for the differences between the 2 sets of estimates is that differences exist between the variances in the Limousin population compared to the Angus population. Wilson et al. (1986) and Bertrand and Benyshek (1987) both used sire and dam models to estimate variance components from Angus and Limousin field data, respectively, and they reported that the dam variance estimates from Angus field data for WB and WW were both over twice the magnitude of the dam variance estimates from Limousin field data. It is also possible that some portion of heterosis from the mating of Limousin sires to Angus dams could have inflated the Angus dam variance.
Heritabilities and Genetic Correlations
Heritability estimates are represented in Table 3 . Heritabilities in the crossbred F 1 and LIM populations were between 0.22 and 0.41, indicating moderate heritability across both traits and genotypes. These heritabilities are within the previously reported range for growth traits (e.g., Bourdon, 2000) . The heritability estimates for WW in the purebred and crossbred data were more similar than the same estimates for WB. This was primarily a function of the smaller-than-expected sire variance estimate in the WB crossbred data.
Estimates of the r pc between purebreds and F 1 are shown in Table 3 . These estimates were 0.84 for WB and 0.64 for WW. The correlations between F 1 and purebred animals in this study were higher than those found in previous studies involving swine (Lutaaya et al., 2001) and cattle (Newman et al., 2002) for growth traits. Wei and van der Werf (1994) presented a graph showing the ratio of the crossbred response to selection when using only purebred information compared to crossbred response using both purebred and crossbred information when heritabilities for both purebred and crossbred animals were equal (0.2). This graph showed that at r pc ≥ 0.80, selection response in crossbreds based on purebred information alone was as effective as using combined information. This strongly suggests that assuming a r pc of 1.0 between purebred and crossbred information for the WB multibreed evaluation of Limousin and Angus × Limousin F 1 cattle does not adversely affect the accuracy of evaluation either purebreds or crossbreds. With r pc for WW falling well below 0.8, it appears that analyzing LIM and F 1 Limousin × Angus data using models that assume WW is a different trait for purebred and crossbreds would increase the accuracy of evaluation for crossbreds compared to current multibreed evaluation models that assume the r pc between the 2 genotypes to be 1. Lutaaya et al. (2002) found that modeling information from purebreds and crossbreds as separate traits increased the accuracy of evaluation for crossbreds, particularly when the amount of crossbred information relative to purebred information was low, compared to models that assumed a r pc of 1.0 for the same trait for purebreds and crossbreds. In many beef breed association data sets, the amount of crossbred information relative to purebred information is much less, which further emphasizes the need for genetic evaluation models that can account for correlations <1.0 when these low r pc are real. Correlations between crossbred and purebred animals in this study are expected to be below 1.0 for 2 main reasons. First, F 1 have the maximum possible heterozygosity and, hence, full dominance effects add to their performance (e.g., Kinghorn, 1982) . Second, there are imperfections in the available data: the fact that relationships between Angus dams are unaccounted for, purebred and F 1 performances do not share the same contemporary group effects, and only a sample of sires used for pure breeding were used as sires for crossbreeding. Additionally, some confounding of sire with contemporary group and with dam could further bias the results from the crossbred population.
Conclusions
The r pc for WW estimated in this study suggests that F 1 and purebred records of this trait may concern different traits from the genetic evaluation point of view. However, the r pc for WB was much higher, indicating that this trait in purebreds and F 1 is essentially the same trait. Further research needs to focus on estimating the r pc among different combinations of purebreds and crossbreds and for different traits to determine the optimum models to use for multibreed beef cattle genetic evaluation.
